In an experiment, 200 one-day-old broiler chickens (Ross 308) were used to investigate the effects of sumac fruit (Rhus coriaria L.) powder (SFP) on performance, plasma concentrations of total cholesterol (TC), triglyceride (TG), high density lipoprotein (HDL-c), low density lipoprotein (LDL-c), very low density lipoprotein (VLDL-c) and plasma fasting blood sugar (FBS), as well as proportional abdominal fat. The chicks were divided into four treatment groups with 5 replicates and 10 birds in each. The birds were fed the basal diet (Z-SFP) or diets supplemented with 2.5 g SFP (L-SFP), 5 g SFP (M-SFP) and 10 g SFP (H-SFP) per kg diet. During the whole experimental period the H-SFP birds had a higher feed intake than the Z-SFP and L-SFP birds, though the H-SFP birds had higher feed conversion ratio compared with birds in the other treatments. No significant differences for body weight gain were recorded between the treatments. The M-SFP and H-SFP birds had lower plasma TC and VLDL-c concentrations than the Z-SFP and L-SFP birds. No significant differences between the treatments were indicated for plasma TG, HDL-c and LDL-c concentrations. Moreover the plasma FBS concentration of the H-SFP birds was lower than the birds in treatments Z-SFP and L-SFP, but no significant differences were observed between the other treatments. Furthermore, significant negative correlations were found between SFP supplementation and plasma TC, VLDL-c and FBS concentrations and a significant positive correlation between SFP supplementation and abdominal fat weight. In conclusion, dietary supplementation of SFP reduces the blood TC, VLDL-c and FBS concentrations, which can be related to decreased activity of HMG-CoA reductase and α-amylase activities. The higher abdominal fat weight of the SFP-fed birds is possibly related to changes of energy storage towards fat deposition.
Introduction
Heart disease is a cause of human deaths and is directly related to increased levels of plasma cholesterol. High total cholesterol (TC) and low high density lipoprotein cholesterol (HDL-c) concentrations are often associated with endothelium dysfunction and inflammation, which can be followed by atherosclerosis (Abdulkarimi et al., 2011) . In addition, epidemiological and scientific evidence have shown a strong relationship between total fat intake and cellular cholesterol composition and a number of diseases, including coronary heart disease, cancer, diabetes, depression and Alzheimer's in humans (Okuyama et al., 1997; Henning & Watkins, 1998; Leaf & Kang, 1998; Katan, 2000; Ayerza et al., 2002; Michikawa, 2003) . It is widely acknowledged that there is an urgent need for humans to return to a balanced fatty acid diet by decreasing their intake of cholesterol and saturated fats (Evans et al., 2002; Ponte et al., 2004) . Therefore, lowering the dietary cholesterol level has become an important concern for people with heart diseases. Meat from the chicken is one of the main meat products consumed by humans. It is low in cholesterol and fat, and thus considered healthier than other meat products, especially red meat from mammalians. Although poultry meat has a lower fat and cholesterol content than other meat sources, several dietary treatments have been attempted to further decrease the concentration of these products in poultry meat (Wang, 2006) . Nowadays, medicinal plants and their extracts or essential oils are the feed additives that are widely used in animal nutrition to improve fatty acid composition as well as the cholesterol contents of meat products. Dietary addition of additives such as turmeric (Daneshyar et al., 2012) , oats (Lopez-Bote et al., 1998) , garlic (Tapsell et al., 2006) , thyme (Abdulkarimi et al., 2011 ), green tea (Wolfram et al., 2006 Lee et al., 2009) and alfalfa (Ponte et al., 2004) have been tested in animals. Sumac (Rhus coriaria L.) is a plant species in the anacardiaceae family that is used as a spice and a native medicine. Sumac is found in temperate and tropical regions worldwide, often growing in areas of marginal agricultural capacity. It has a long history of use by indigenous people for medicinal and other applications (Rayne & Mazza, 2007; Capcarova et al., 2011) . The fruits of sumac contain flavonols, phenolic acids, hydrolysable tannins, anthocyans and organic acids such as malice, citric and tartaric acids (Özcan & Haciseferogullari, 2004; Gündüz et al., 2010) . Sumac is used as an herbal remedy in traditional medicine because of its assumed analgesic, antidiarrhoetic, antiseptic, anorexic and antihypergylcaemic properties (Rayne & Mazza, 2007; Chakraborty et al., 2009) .
Sumac extracts have been found to have antimicrobial, hypoglycaemic and antioxidant activities (Rayne & Mazza, 2007) . Some studies have shown that polyphenols could have beneficial effects on cardiovascular disease (Hertog et al., 1995) and cancer (Noroozi et al., 1998) , and could be regarded as bioactive compounds with a high potential health-promoting capacity. Phenolic compounds inhibit lipid peroxidation, scavenge the superoxide anion and hydroxyl radical (Ruby et al., 1995) , and enhance the activities of detoxifying enzymes such as glutathione-S-transferase (Piper et al., 1998) . Moreover, the hypocholesterolemic action of dietary polyphenols has been reported (Regerat, 1976; Tebib et al., 1994; Bravo, 1998) . D-limonene (l-methyl-4-(1-methylethenyl)-cyclohexane) is a monocyclic monoterpene component of sumac that has hypocholesterolemic effects (Kurucu et al., 1993; Marshall, 1995; Victor Antony Santiago, 2010) . The hypocholesterolemic effect of sumac fruit powder (SFP) and its components have been reported previously in rabbits and mice. Dietary supplementation of SFP up to 15 g/kg for 90 days decreased TC in rabbits (Capcarova et al., 2011) . In an experiment, consumption of 100 mg glycoprotein/kg isolated from Rhus verniciflua stokes fruit (another sumac species) for two weeks caused decreased TC, triglyceride (TG) and low density lipoprotein (LDL-c) concentrations in mice (Oh et al., 2006) . Although the plasma cholesterol lowering effects of SFP have been shown in rabbits and mice, no study is available on the effect of SFP on blood TC, TG, plasma fasting blood sugar (FBS) and other blood lipoproteins and even the performance of broiler chickens. Furthermore, abdominal fat accumulation was assessed as an indicator for meat quality. Fat accumulation in carcasses of broilers, particularly in abdominal and visceral areas, represents a waste product from the nutritional and health points of view to consumers. Such obese broilers are unpleasant to the consumers, lead to decreased saleability, and reduce net returns for the producers (Rabie & Szilagyi, 1998; Abdulkarimi et al., 2011) .
Material and Methods
In this experiment, 200 one-day-old male broiler chickens (Ross 308) were bought from a local hatchery, weighed on arrival and distributed among 20 pens (1 × 1 m 2 , 10 birds in each pen). The temperature programme of the house has been reported elsewhere (Daneshyar et al., 2012) . A lighting programme of 23 h light and 1 h darkness was used during the experiment. All the chickens were fed the same starter (from day 1 to day 21 of age) and grower (from day 22 to day 42 of age) diets in mash form (Table 1) . During the experimental period 0.0 g SFP (Z-SFP), 2.5 g SFP (L-SFP), 5 g SFP (M-SFP) and 10 g SFP (H-SFP) /kg diet were included in the basic diet. The experimental protocol was approved by the Ethical Committee of Urmia University for Animal Experiments.
Fresh sumac fruit was purchased, the impurities removed, and ground. The SFP (with total phenols of 34.8 mg/g) was obtained from the local market and included in the diets in ground form. The FolinCiocalteau reagent and gallic acid (as the standard) were used to determine total phenols using a colorimetric method. One gram SFP was crushed in 10 mL of 80% methanol in a pestle and mortar. The extract was filtered and centrifuged at 5000 rpm for 5 min and the supernatant was collected. Then, 0.5 mL of the extract was mixed with the Folin-Ciocalteau reagent (1 : 10 v/v) and Na 2 Co 3 (1 mol). After 15 min, this solution was used to determine total phenols using a spectrophotometer (single beam scanning UV/visible spectrophotometer, M 501, Unicosh Co., China) at absorbance of 765 nm.
Body weight gain (BWG) and feed intake (FI) of the birds were measured during the whole experimental period and the feed conversion ratio (FCR, g feed/g gain) was calculated. At week 3, one chicken per replicate pen (five per treatment) was selected randomly for blood collection at weeks 3 and 6. Blood from the wing vein was collected after three hours of starvation. Blood samples were immediately aliquoted into anticoagulant (EDTA) tubes. The plasma was separated by centrifuge at 3000 rpm for 10 min and stored at -20 °C for later analyses. At the end of the experiment (week 6), five chickens from each replicate (pen) were randomly selected and slaughtered. Plasma samples were thawed and their plasma TC, TG, LDL-c, HDL-c, very low density lipoprotein cholesterol (VLDL-c), and FBS were determined spectrophotometrically (spectrophotometer, Unico-2400, Japan) using a commercial enzymatic kit (Pars Azmon Co, Tehran, Iran). The data were subjected to the analysis of variance procedure according to a completely randomized design using the general linear model procedure of SAS statistical software (SAS, 2002) . Means were compared using Duncan's multiple test when treatment means were significant (P <0.05). Correlation coefficients between SFP consumption and blood TC, VLDL-c, FBS concentrations and abdominal fat weight were calculated by the CORR procedure of SAS (SAS, 2002) .
Results
The dietary supplementation effects of SFP (1 to 42 days of age) on FI and FCR during the whole experimental period are shown in Figures 1 and 2 , respectively. No significant differences were indicated between the treatments for BWG (P >0.05), whereas the FI of H-SFP birds was significantly higher than that of the Z-SFP and L-SFP birds (P <0.05) (Figure 1) . Moreover, the FCR of H-SFP birds was higher than those of the other birds (P <0.05) (Figure 2) .
There was no significant difference between the treatments for plasma TG, HDL-c and LDL-c concentrations. The plasma TC concentrations of the M-SFP and H-SFP birds were lower (P <0.05) than that of the Z-SFP and L-SFP birds. Furthermore, the VLDL-c concentration of M-SFP and H-SFP birds was lower (P <0.05) than that of Z-SFP and L-SFP birds. Although the plasma FBS of H-SFP birds was lower (P <0.05) than that of the Z-SFP and L-SFP ones, no significant differences were indicated between the M-SFP birds. Furthermore, the plasma FBS concentration of H-SFP-fed birds was higher than that of Z-SFP and S-SFP birds (P <0.05) ( Table 2 ). In correlation analyses, significant negative correlations were found between SFP supplementation and plasma TC (r = -0.63, P = 0.003), VLDL-c (r = -0.53, P = 0.02) and FBS (r = -0.63, P = 0.004) concentrations, and a significant positive correlation between SFP supplementation and abdominal fat weight (r = 0.53, P = 0.02) (Table 3) . 
Discussion
The results of the present study indicated that dietary supplementation of SFP, especially at high doses, worsens the performance of chickens. In this study, H-SFP-fed birds had the highest feed consumption and feed conversion ratio among the treatments. The deteriorated feed consumption and FCR of these birds may be related to the polyphenolic compounds of sumac. These negative effects of phenol compounds have been related to their influence on the availability of some nutrients. Sumac was reported as a rich source of tannin (Kosar et al., 2006) . Polyphenols (Özcan & Haciseferogullari, 2004; Gündüz et al., 2010) and gallic acid are the main polyphenolic constituents in sumac (Rayne & Mazza, 2007) . For example, Potter & Fuller (1968) reported lower availability of methionine, choline and arginine in broiler chickens with the dietary supplementation of high tannic acid (1%). Tannic acid apparently is hydrolysed to gallic acid, and a large part of this material is O-methylated and excreted in the urine as 4-O-methyl gallic acid. The source of methyl groups for the O-methylation of gallic acid is principally from choline and methionine (Potter & Fuller, 1968) . Moreover, tannins decrease the protein digestibility through their action on the brush border membrane of the small intestine, where enzymatic activity is mainly located (Marzo et al., 1990) . The formation of an insoluble tannin-protein complex has been reported in the gastrointestinal tract by dietary supplementation of tannic acid (Tamir & Alumot, 1970) . Reports have also shown that tannic acid and degradation products are absorbed from the small intestine and caused toxic effects (Vohra et al., 1966; Kardivel et al., 1969; Karin et al., 1978; Marzo et al., 2002) . Our results are in agreement with those of Marzo et al. (2002) , who reported that dietary supplementation of tannic acid (15 g/kg feed) in broilers for 15 days resulted in increased feed consumption.
Our present study also indicated a negative correlation between the dietary SFP consumption and plasma total cholesterol and VLDL-c concentrations in broiler chickens, which is in agreement with findings of other researchers. The hypocholesterolemic action of sumac is possibly related to its polyphenolic components. Polyphenols have been shown to depress the reverse-cholesterol transport, reduce the intestinal cholesterol absorption, and even increase bile acid excretion (Regerat, 1976; Tebib et al., 1994; Bravo, 1998) . In agreement with our results, Capcarova et al. (2011) observed a declined plasma cholesterol concentration in male rabbits through the dietary supplementation of 15 g sumac fruit/kg. Similarly, Victor Antony Santiago et al. (2010) reported reduced serum cholesterol concentrations in rats consuming 2% d-limonene (a component of sumac essential oil) for four weeks. Dietary d-limonene inhibits the perillyl alcohol on 3-hydroxy-3-methylglutaryl HMG-CoA reductase activity, thus decreasing farnesyl pyrophosphate synthesis (Elson, 1995; Victor Antony Santiago et al., 2010) and the concentration of plasma cholesterol (Qureshi et al., 1988) . Oh et al. (2006) obtained similar results in mice with a glycoprotein isolated from Rhus verniciflua fruit (another species of sumac). Another reason for the decreased plasma cholesterol by sumac is possibly related to its effect on 3-hydroxy-3-methylglutaryl CoA (HMG-CoA) reductase activity. Sumac contains essential oils, limonene (0.17% -9.49%), nonanal (10.77% -13.09%) and (Z)-2-decenal (9.90% -42.35%) (Kurucu, 1993) . Although the activity of HMG-CoA reductase was not investigated in the current experiment, Oh et al. (2006) related the cholesterol-lowering effect of glycoprotein isolated from Rhus verniciflua fruit to a higher activity of HMG-CoA reductase. Victor Antony Santiago et al. (2010) reported that lower blood cholesterol concentrations could be mediated by the stimulation of 3-hydroxy-3-methylglutaryl CoA reductase activity. A positive correlation has been reported between the activity of HMG-CoA reductase and TC or LDL-c in broiler chickens (Qureshi et al., 1983) .
Furthermore, feeding of SFP to broiler chickens is negatively correlated with plasma FBS concentration. This reducing effect on plasma FBS could be related to a reduced activity of α-amylase enzyme in SFP-fed birds. Giancarlo et al. (2006) observed hypoglycaemic activity of sumac fruit methanolic extract in vitro and reported the inhibition of α-amylase activity (87% inhibition at 50 μg/mL) as the reason. Another component of sumac, d-limonene, has resulted in lower blood FBS and insulin concentrations, and pancreatic b-cell mass in rat (Victor Antony Santiago et al., 2011) .
In addition, dietary consumption of SFP positively changed the proportional abdominal fat weight in the body. In a similar study on broiler chickens, Pourreza & Edris (1997) found a significant positive correlation between the amount of tannin consumption (from a sorghum source) and proportional abdominal fat weight in both male and female chickens. These scientists reported possible negative effects of tannins in sorghum on protein digestibility and reduction of amino acids availability and protein synthesis as the consequence. This phenomenon leads to direct storage of energy as fat (Pourreza & Edris, 1997) and hence increased proportional abdominal fat weight. Similarly to sorghum, tannins from sumac possibly increase the energy storage as fat, which results in higher proportional abdominal fat.
Conclusion
According to our results, dietary supplementation of SFP reduces the blood TC and VLDL-c concentrations, which can be related to stimulated activity of the HMG-CoA reductase enzyme. Declined plasma FBS concentration of sumac-fed birds is related to lower α-amylase activity. Furthermore, dietary SFP consumption resulted in higher abdominal fat weight that is possibly connected to lower availability of amino acids and protein that changes the energy storage towards the fat. Furthermore, dietary SFP supplementation, especially in high doses, worsens the performance of broiler chickens. The reduced feed consumption and FCR of these birds may be related to the high polyphenols contents of sumac.
